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Amendments to the Specification including Abstract 

There is no "New Material" in this amended specification. The original specification also 
included a double wall heat exchanger internal to the hot water tank in the Prior Art 
section of the last paragraph and in Figure 1 . The related patent application, Internal 
Water Tank Solar Heat Exchanger has resulted in Patent US 6,837,303 B2. 

The Abstract has been changed to be less than 150 words. It also more clearly states the 
subject invention as the use of a steam condensing pressurized radiator or pressure 
activated dampers to dissipate the solar collector heat, if fluid circulation stops; a fluid 
overflow/recovery system that keeps the fluid loop full of only liquid and steam, and 
eliminates all air. 
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SOLAR HEAT TRANSFER SYSTEM (HTPL), High Temperature Pressurized 
Loop 



BACKGROUND OF INVENTION 



This invention pertains to the collection and the delivery of heat from a roof or a 
ground mounted solar collector panel to a hot water storage tank via the use of a self 
pressurized, higher temperature fluid filled loop, which eliminates non-condensable 
gases, such as air, from the fluid loop. The pressurized loop system utilizes a mixture of 
water and antifreeze or another suitable fluid is circulated via a pump. In addition, the 
system is self protected from over-temperature and over-pressure if the circulating pump 
fails. The higher temperature, compared to an un-pressurized, fluid heat transfer loop 
allows for a smaller heat transfer area and hence a more compact hot water tank heat 
exchanger, and a small diameter (approximately two inch), flexible, insulated umbilical 
which contains both electrical and fluid tubing connections (approximately l A inch 
outside diameter tubing) to go both out and back from the hot water tank to the solar 
collector for ease of installation. This heat transfer loop system is unique since there are 
savings in materials for heat exchangers, piping, and insulation. The system also has built 
in air elimination, self protection from overheating and automatic system full of fluid 
maintenance. 
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PRIOR ART 



Most common solar collector systems are either the un-pressurized or pressurized 
via an air bladder expansion tank and make use of a large area heat exchanger external to 
the water tank to exchange heat from the solar loop to the city water pressure in the hot 
water tank. Un-pressurized collector heat transfer loops are limited to the boiling point of 
the water/antifreeze mixtures, typically 50/50, at atmospheric pressure of approximately 
220 0 Fahrenheit. A water/antifreeze mixture of approximately 50/50, pressurized to 14 
PSI, or approximately two atmospheres in the collector loop, will not boil until 265 0 
Fahrenheit. The higher operating temperature in the collector loop allows for efficient 
small area in the hot water tank heat exchangers to be utilized, which do not disturb the 
normal tank stratification. Internal tank heat exchanger also eliminates the pump that 
would circulate water from the hot water tank through the external heat exchanger. The 
stratification of the normal hot water tank, hot on top and cooler on the bottom, is 
disturbed by circulating water from the hot water storage tank, through the external heat 
exchanger. It is important not to disturb the normal tank stratification because it 
decreases the normal gas or electric heater efficiency. 

Some solar collectors use pressurized drinking water and flow this water through 
the solar collector to heat it before it goes to the hot water tank inside the house. Other 
systems called integrated collector storage have a roof mounted hot water tank above the 
solar collectors filled with drinking water. The fresh potable water is subject to freezing 
and must be heated electrically at night to keep the roof mounted solar collector or 
integrated solar collector/hot water tank from freezing during cold weather. Other 
systems circulate potable water through the solar collectors only when they are 
illuminated by the sun, and must drain this water out at night during freezing weather. 
Drain down systems send the solar collector water down the drain, and get new fresh 
water the next day. Drain back systems have a holding tank that the solar collector water 
can drain into and be used over and over. 
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Main advantages: 1) Pressurized antifreeze heat transfer loops allow solar 
collectors and tank heat exchangers to operate up to 265 0 Fahrenheit; 2) Pressurized heat 
transfer loops allow heat to be transferred with very low fluid flow rates minimizing 
pumping power and allowing small diameter tubes to take fluid to and from the solar 
collector and water tank heat exchanger; 3) Keeping the fluid loop full of fluid and 
eliminating non-condensable air minimizes corrosion of the fluid loop containment walls; 
4) Internal small area heat exchangers adapt to existing tanks with minimum re-plumbing 
and without tank removal or draining; 5) Heat exchanger is efficient; 6) Double wall heat 
exchanger safely separates toxic heat transfer fluids from potable water; 7) This solar 
system costs less to install and maintain; and 8) Solar system maintains normal tank 
stratification. 

SUMMARY OF INVENTION 

In summary, the present invention is a self pressurized, via fluid thermal 
expansion on heat system heat up, fluid filled and maintained full eliminating non- 
condensable air by the vacuum from fluid thermal and steam contraction, drawing fluid 
from the overflow reservoir back into the fluid loop, where heat is collected in a solar 
panel illuminated by the sun, heats a solution of water based antifreeze or other suitable 
liquid, the fluid is pumped at low flow rate to a hot water tank where it gives up the heat 
via a heat exchanger. The fluid loop is pressurized and can operate above the normal 
boiling point of water 212 0 Fahrenheit. The fluid loop also has a built in boiling and 
pressure activated over-temperature protection and over-pressure protection, so if the 
fluid circulation pump stops while the sun is shining the solar collector will not get too 
hot and damage itself, or make the heat transfer fluid more corrosive to the containment 
materials. 

The primary objective of the present invention is to reduce the amount of material 
needed to collect and transport solar heat. This is accomplished by increasing the 
pressure and hence the temperature in the maintained full fluid loop, which decreases the 
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area of the hot water tank to fluid loop heat exchanger surface needed. The higher fluid 
temperature difference, between the hot water tank and the solar collector, allow more 
heat to be stored in each unit volume of fluid in the solar collector heat transfer loop. 
Hence a smaller volume of fluid, lower flow rate is needed to deliver the heat from the 
solar collector to the hot water tank. The higher fluid temperature in the collector will 
lower the collectors efficiency, since it is losing heat to the outside air. This loss is a 
small price to pay for a system using significantly less material. 

Another objective is to reduce the time and complexity of retrofitting solar energy 
to existing homes, since it uses flexible small diameter tubing to carry the low fluid flow 
volume. The small diameter of the fluid carrying tubes, approximately Va inch outside 
diameter, also allows them to be thermally insulated and still be less than two inches in 
diameter. By adding an electrical wire bundle to the insulated fluid carrying tubes and 
wrapping them with a protective covering, an umbilical cord is created, which carries all 
fluids and electrical signals from the hot water tank to the solar collector. This plug and 
play umbilical allows for do-it-yourselfers or professionals to install the system more 
quickly. These fluid carrying tubes can be installed in existing buildings because they are 
flexible and can be fed into and through attics, walls and placed on the outside of 
buildings, without being unsightly. 

Additional objectives, advantages and novel features of the invention will be set 
forth in the description which follows and will become apparent to those skilled in the art 
upon examination of the following. Others may be learned by practice of the invention. 
The objectives and advantages of the invention may be realized and attained by means of 
the instrumentalities and combinations particularly pointed out in the appended claims. 



FIG. 1 is a perspective view of the pressurized loop solar collector system, 
including the fluid loop, the solar collector, the hot water tank heat exchanger, the fluid 
pump, controller, the over-pressure relief and fluid full maintenance vacuum relief with 
overflow reservoir, and both boiling and pressure activated over-temperature systems. 



DESCRIPTION OF THE DRAWINGS 
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FIG. 2 is a view of the boiling activated solar collector over-temperature system 
including the pressurized liquid-to-air radiator, the pressure relief valve and the fluid full 
maintenance system including the vacuum recovery valve and its external fluid reservoir. 

FIG. 3 is a pressure activated solar collector over-temperature control system, 
which opens dampers in the collector to let heat out, when the fluid in the solar collector 
boils and raises and sustains the loop pressure to a point just below the regulated 
pressure. 

FIG. 4 is a boiling activated solar collector over-temperature control system, 
which forces steam from the boiling solar collector into a pressurized liquid-to-air heat 
exchanger/radiator, which uses fins to reject heat from the radiator and condense the 
steam back to water, and then return this water to the main heat transfer loop. 

FIG. 5 is a plot of solar collector air valve position versus pressure in the solar 
collector fluid loop. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention (FIG. 1) consists of a pressurized heat transfer loop (1, 14 &17, 
which operates above the boiling point of water at one atmosphere of pressure, 212 0 
Fahrenheit. The heat transfer fluid (13) is heated, in the solar collector tube (1) by the 
sun. The solar collector (2) can be single, or double glazed. The heated fluid then exits 
the solar collector in tube (1) and comes to a three-way connection. Path one (7) goes to 
the pressure actuator (6), which can move the actuator arm (5) to actuate air dampers with 
motion (4). Path one may not be needed if the path two pressurized fluid/steam-to-air 
radiator is sufficient to prevent overheating. Path two goes through a pressurized radiator 
(8) with fins (9) to a pressure relief valve (10) which includes a vacuum recovery valve to 
let expelled heat exchanger fluid (13) back into the system from the fluid 
overflow/recovery reservoir (12), while excluding non-condensable air. Path three (14) is 
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the fluid tubing leading to the hot water tank (22) heat exchanger (16). The insertable, 
internal heat exchanger is screwed into the tank through a tank port (24) and allows water 
tank fluid (30) ingress or egress via a side port (26). The inside of the outer heat 
exchanger wall (16) is in physical contact with the outside of tubes (14 &17). Physical 
contact means that over a significant area or approximately 50% of the surfaces, the 
interfaces are compressed together mechanically so heat can cross the interface, but 
leaking liquid from either side will move along the interface. The tube (14) turns around 
in the bottom of the heat exchanger and becomes the tube (17) exiting the heat exchanger. 
The tubes (14 & 17) are much hotter than the water in the hot water tank (30) and are in 
physical contact with the wall (16) so the heat is transferred from the heat transfer fluid 
(13) through the first wall (14 or 17) then through the mechanical interface to the second 
wall (16) then into the water (30). Once the tube (17) leaves the heat exchanger it returns 
to the pump (20) inlet. The tube (17) then returns to the solar collector tube (1) for the 
heating of the fluid (13). 

To transport the pressurized fluid and the heat it contains from the solar collector 
to the hot water heater a flexible insulated umbilical is used (15). The umbilical consists 
of thermally insulated fluid connections (14 & 17) from the solar collector (1 & 2) to the 
hot water tank, rubber closed-cell thermal insulation (32), the low voltage electrical 
connections and a weather resistant covering of polymer pipe (31), the two small 
diameter tubes (14 & 17) containing the solar collector heated fluid (13). This allows the 
two-tube bundle to be flexible and insulated (32) and still be less than 2 inches in 
diameter. The small copper tubes are connected together with standard tubing unions, 
angles and T-connectors of about 5/16, or 3/8 inch tube size. 

The solar collector (2), an integral part of the collector, is a set of dampers which 
are opened by pressure (15). These dampers are only open when the solar heat collected 
is more than the hot water tank can use. These dampers when opened allow outside air of 
less than 120 0 Fahrenheit to flow over the absorber plate, where the sunlight is converted 
to heat and transferred into the heat transfer fluid. This airflow cools the absorber and 
stops the boiling. Then the dampers close and the absorber heats back up. The dampers 
open and close on a two to five minute cycle and only minor boiling is allowed to take 
place. This self-controlling feature is unique and allows the collector to protect itself, 
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even if the fluid flow in the pressurized loop (1, 14 & 17) stops. Alternatively to the 
dampers, or along with them, one could use the boiling activated radiator system shown 
in (FIG. 1, 2 & 4,), which is a pressurized side channel to the main pressurized heat 
transfer loop, which is at the uppermost point in the main fluid loop. As steam bubbles 
form in the solar collector they try to escape by going into the side channel heat 
exchanger. The fluid there is below the boiling point of the pressurized fluid and they 
collapse and condense. The fluid in the side channel is cooler because the outer surface 
is exposed to the outside air via fins (9). If no bubbles are forming in the solar collector, 
then there is no flow of fluid in the side channel and the fluid in the side channel stays 
cool. 

The system has two possible configurations for activating the heat transfer fluid 
pump (20). The first is a conventional control system run by household 1 15 VAC power. 
This control system has a control box (52), which plugs into the wall outlet and has two 
sensors. The collector has a temperature sensor using low voltage (50), where the 
electrical wires are part of the umbilical to tell the controller, which turns on the pump, 
when the solar collector temperature exceeds the hot water tank temperature, which is 
measured by sensor (56) on the hot water tank. The sensor (56) is usually placed near the 
top of the tank (22), which tells the controller when the tank is getting too hot, i.e. no one 
home to use hot water, then the controller will shut off the pump. This would now cause 
the pressure damper or side channel heat exchanger to protect the collector from 
excessive boiling, which would block the collector tubes with mineral deposites over 
time. 

The second pumping system is based on using a photovoltaic array (60), which 
provides 12 Volt power when the sun is shining. This power is carried down to the pump 
on the umbilical connector wire. The pump is a DC powered pump, which is capable of 
low flow at modest pressures. A control box may not be necessary. When the sun is out 
the pump pumps, when it is not, the pump stops. A thermal disconnection switch (64), is 
placed on the top of the hot water tank, so if the hot water tank gets too hot, it will 
disconnect the pump. 

The invention also consists of a pressurized radiator, pressure relief and vacuum 
recovery valve, and fluid overflow recovery system (Fig. 2). This system includes: a 
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pressurized fluid radiator (8) with fins (9) to conduct heat from the fluid to the 
surrounding air; a reservoir (12); a pressure cap (10) to regulate the pressure in the 
system; a vacuum relief valve to allow the overflowed fluid to return to the system upon 
cool down at night via the vacuum relief valve (1 8) which is built into pressure cap (10); 
a fluid overflow and recovery reservoir (12) to the pressure relief (10) and vacuum 
recovery (18) valves via tube (72) while excluding non-condensable air, since tube (72) 
enters the fluid (13) below the surface level. The pressure of the fluid in the solar 
collector heat transfer loop is regulated by the pressure cap, which uses a spring (15) to 
push against the fluid pressure over a fixed area. During normal daily operation when the 
sun is out, the heat transfer fluid (13) expands as it heats from 75 0 Fahrenheit to over 
230° Fahrenheit. When the pressure reaches the set pressure, i.e. 16 PSIG, fluid and any 
trapped air is pushed out past pressure relief valve (10) and overflows to the fluid 
overflow reservoir (12) via tube (72). In the overflow reservoir (12) the fluid is retained 
and the air bubbles move from the bottom of tube (72) which is below the liquid surface 
to the liquid surface, burst and are vented to the atmosphere by a cap (70). At night, 
when the fluid and condensable steam in the solar heat transfer system cools and 
contracts, fluid only is drawn back through vacuum relief valve (1 8), by the vacuum in 
the fluid loop caused by fluid contraction. The vacuum relief pressure is set by spring 
(16) to about minus two PSIG, into the heat transfer system to keep it full of fluid and 
keep non-condensable air out. Air in the system increases the corrosion of the fluid loop. 
This simple system allows the approximately 50% water/50% antifreeze mixture in the 
solar heat transfer loop to heat up to over 212 0 Fahrenheit, without boiling until it 
reaches almost 265 0 Fahrenheit, at 16 PSIG confinement pressure. This higher 
temperature allows for heat to be transferred more efficiently into the hot water tank, 
using lower flow rates and a small surface area internal (or external) hot water tank heat 
exchanger. 

The invention also consists of a pressure activated solar collector over- 
temperature protection system (Fig 3). An integral part of the collector is a set of 
dampers (86 & 88) on both the top and bottom of the solar collectors, which are opened 
by pressure actuator (6). These dampers are only open when the solar heat collected is 
more than the hot water tank can use and the solar collector begins to boil. These 
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dampers, when opened, allow outside air of less than 120 0 Fahrenheit to flow over the 
absorber plate (FIG. 1 (3)), where the sunlight is converted to heat and transferred into 
the heat transfer fluid. This airflow cools the absorber and stops the boiling. Then the 
dampers close and the absorber heats back up. The dampers open and close on a two to 
five minute cycle and only minor boiling is allowed to take place. This self-controlling 
feature is unique and allows the collector to protect itself, even if the fluid flow in the 
pressurized loop (FIG. 1. tubes 1, 14 & 17) stops. 

The pressure activated control system is needed if fluid circulation stops for any 
reason while the sun is shining, i.e. controller turns off pump, or pump failure, or power 
failure, or fluid loop blockage. The pressure activated system consists of a solar system 
fluid pressure-activated actuator (6), such as a piston (84), or other pressure-activated 
actuator, which is in a retracted state at normal system operating pressure and in an 
extended state at the pressure cap relief setting, such as 16 PSIG. A spring (82) or a 
pressurized cavity can be used to return the actuator to the retracted state, when the solar 
system pressure falls to normal operating pressure. The solar system fluid (13) is sealed 
into the system via a bellows (80) or another acceptable seal, such as an O-ring. The 
actuator is connected to the fluid loop (7). This actuator output (5) is connected via 
linkage (4) to a hinged or a sliding valve (86, 88), like a furnace damper, which allows au- 
to flow over the solar collector absorber plate (Fig. 1.(1)) and cool it off with outside air. 
Over-temperature protection is achieved by successive airflow movements over the solar 
collector absorber plate. When the solar collector gets too hot the heat transfer fluid (13) 
boils in the solar collector. This causes the pressure actuator to extend and open the 
collector air damper valves into position (91), opening up holes (90) for air movement 
over the solar collector absorber plate (Fig. 1.(1)), which takes the heat out of the solar 
collector and the heat transfer fluid temperature drops below the boiling point and stops 
boiling. When the system pressure returns to normal, the actuator retracts and closes the 
solar collector air damper valves into position (92). This air valve open/close cycle 
repeats itself until the sun goes down, or until the fluid flow is reestablished. Thus the 
collector prevents damage to the system by keeping the collector near the pressurized 
boiling point of the water/antifreeze mixture under non-circulation conditions. Non- 
circulation can occur normally if the hot water tank is hot enough and the controller shuts 
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off the pump and abnormally if the pump fails, power fails or the fluid flow path is 
blocked. 

The invention also consists of a boiling activated solar collector over-temperature 
protection system (FIG. 4). The system consists of a pressurized liquid-to-air-radiator 
heat exchanger, and a boiling gas, steam/liquid, separator. During normal operation, the 
entire system is full of heat transfer fluid (13) and no boiling occurs. The liquid-to-air 
heat exchanger (8) with fins (9) is a side arm and usually has no fluid flow in it. 
Normally the fluid flows into the boiling gas separator (94) from the solar collector tube 
(1) and out of the boiling gas separator down tube (14) to the hot water tank (22). Under 
non-flow conditions, such as circulating pump failure or the solar input being greater than 
the hot water tank can use, the solar collector (2) will begin to boil. In this event, the 
boiling gas separator (94) allows the gas (steam) bubbles to go up by buoyancy into the 
liquid-to-air heat exchanger (8), which stirs the liquid in the heat exchanger, while 
condensing the boiling gas back to a liquid, and heats the heat exchange fins (9) above 
the outside air temperature and dissipates this heat from the pressurized liquid (13) in 
heat exchanger (8) to the outside air. The filler tube (92) allows condensed pressurized 
liquid to come from the liquid-to-air exchanger and be inserted below where the gas 
(steam) bubbles are being released tube (1) into the boiling gas separator (94) keeping the 
collector fluid loop (14 & 17) full of liquid, while liquid and gas, steam, exist in the 
collector (1) The water based heat pipe system allows a small amount of boiling in the 
solar collector to take place; the generated steam travels up by buoyancy to the 
pressurized heat exchanger, which rejects heat to the atmosphere via the pressurized 
liquid (8) to the air radiator (9) heat exchanger. As long as solar collector boiling takes 
place, the pressurized liquid in the side arm heat exchanger (8) will be heated by 
condensing of the steam. Non-condensable air in the boiling solar collector will impede 
the flow of steam to the pressurized heat exchanger, so air must be kept out of the system. 
Only a small amount of fluid will be forced into a fluid overflow tube (72) into 
atmospheric reservoir (12). The advantage of this system over, the pressure activated 
solar collector air vents, is that boiling activated heat pipe system has fewer moving parts 
and can easily dissipate all of the heat that the solar collector can gather from the sun, 
without pump power circulation of the heat exchange fluid.. 
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The graph in FIG. 5 shows the actuator and air valve position as a function of 
system pressure. The air valves (Fig. 3 (90)) are in the shut position (Fig. 3 (92)) and the 
actuator retracted until a pressure of approximately 80% (102) of the system pressure, 
maintained by the pressure relief valve (Fig. 4. (10)) is reached. At pressures above (102) 
the air valves begin to open and are fully open by the time the system reaches 95% (104) 
of the system pressure maintained by the pressure relief valve. This arrangement allows 
the system to cool itself before vigorous boiling occurs. The pressure versus actuator 
position profile is determined by the piston area (Fig.3. (84)) and spring constant (Fig. 3. 
(82)). 
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ABSTRACT 



Delivering heat from modern high temperature solar collectors to hot water 
storage tanks is more effectively done using a self pressurized, automatic air eliminating, 
higher temperature fluid loops. A pressurizing valve, an overflow reservoir and a 
vacuum relief valve are used. Non-toxic water/antifreeze mixtures are pressurized up to 
about two atmospheres resulting in a 265 0 Fahrenheit boiling point. Loss of circulation 
under full sun results in solar collector boiling under pressure. A steam heat pipe is set 
up between the solar collector and the pressurized liquid-to-outside-air-radiator. The 
steam generated in the solar collector is condensed in the liquid-to-air-radiator and 
returned to the solar collector to keep it completely full of fluid and steam. A set of 
pressure activated air dampers on the solar collector can also be used to shed the excess 
solar collector heat. 



BLB 9/30/2005 



I Hoi 1+0 



Appl.No. 10/085,174 

Amdt Dated September 30, 2004 

Reply to Office Action June 3, 2005 



United States Patent Application Docket Numbenio/085,175 



Dr. Barry Lynn Butler 



Date of Filing: 2/27/2002 



980 Santa Estella 



Federal R&D: None 



SS# 156-34-3255 



Solana Beach, California 92075 



Assignment: None 

Related Applications: Internal Water 

Tank Solar Heat Exchanger (US 6.837303 

B2) 



SOLAR HEAT TRANSFER SYSTEM (HTPL), High Temperature Pressurized 



This invention pertains to the collection and the delivery of heat from a roof or a 
ground -mounted solar collector panel to a hot water storage tank via the use of a self 
pressurize d, higher temperature fluid filled loop , which eliminates non-condensable 
gases, such as air, from the fluid loop . The pressurized loop system utilizes a mixture of 
water and antifreeze mixtur e or another suitable fluid is circulated via a pump. In 
addition^ the system is self p rotected from over-temperature and over-pressure if the 
circulating pump fails. The higher temperature , compared to an un-pressurized, fluid 
heat transfer loop allows for a smaller heat transfer area and hence ajnore compact; hot 
water tank heat exchanger^ and a small diameter— ^{approximately 3-two Inch inch), 
diam e t e r, flexible^ insulated umbilical which containing contains both electrical and fluid 
tubing connections-Japproximately l A Inch outside inch outside diameter tubing-)_to go 
to-an dboth out and back from the hot water tank to the solar collector for ease of 
installation. This heat transfer loop system is unique Tsince there areh e savings in 
materials for heat exchangers, piping, insulatio n and insulation- and the -The system also 
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has built in air elimination, self protection from overheating ? and automatic system fixll of 
mak efluid maintenance this coll e ctor syst e m unique . 



PRIOR ART 

Most common solar collector systems are either the un-pressurized or pressurized 
via an air bladder expansion tank and make use of a large area heat exchanger external to 
the water tank to exchange heat from the un pr e ssuriz e d solar loop to the city water 
pressure in the hot water tank. Un-pressurized collector heat transfer loops are limited to 
the boiling point of the w ater -water/ antifreeze mixtures, typically 50/50, at atmospheric 
pressure of approximately 220 o d e gr ee s Fahrenheit. A wate^water/antifreeze mixture 
of approximately 50/50, pressurized to fourte e n 14 PSI, or approximately two 
atmospheres in the collector loop A will not boil until 265 _ d e gr ee s ( ^Fahrenheit. The 
higher operating temperature in the collector loop allows for efficient small area in the 
hot water tank heat exchangers to be utilized, which do not disturb the normal tank 
stratification. Internal tank heat exchanger also eliminates the pump that would circulate 
water from the hot water tank through the external heat exchanger. The stratification of 
the normal hot water tank, hot on top and cooler on the bottom, is disturbed by circulating 
water from the hot water storage tank, through the external heat exchanger. It is 
important not to disturb the normal tank stratification? because it decreases the normal gas 
or electric heater efficiency. 

Some solar collectors use City lin e wat e r pressure ized drinking water and flow 
this eity-water through the solar collector to heat i t before it goes to the hot water tank 
inside the house . -These syst e ms Other systems are-called integrated collector storage? 
have a roof mounted hot water tank above the solar collectors filled with drinking 
water. syst e ms. The eky -fresh p otable water is subject to freezing and must be heated 
electrically at night to keep the roof mounted solar collector or integrated solar 
collector/hot water tank from freezing during cold weather. Other svst e ms. svstems 
whieh-circulate potable water through the solar collectors only w hen they%e -they are 
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illuminated by the sun, and must drain this water out at night during freezing weather. 
Drain down systems send the solar collector water down the drain, and get new fresh 
water the next day. Drain back systems have a holding tank that the solar collector water 
can drain into and be used over and over. 

Main advantages: 1) Pressurized antifreeze heat transfer loops AHews -allow solar 
collectors and tank heat exchangers to operate up to 265_o d e gr ee s, Fahrenheit; 2) 
Pressurized heat transfer loops allows heat to be transferred with very low fluid flow rates 
minimizing pumping power and allowing small diameter tubes to take fluid to and from 
the solar collector and water tank heat exchanger; 3) Keeping the fluid loop full of fluid 
and eliminating non-condensable air minimizes corrosion of the fluid loop containment 
walls; 4) Internal small area h eat exchangers adapts to existing tanks with minimum re- 
plumbing and without tank removal or draining; 25) Heat exchanger is efficient; £6) 
Double wall heat exchanger safely separates toxic heat transfer fluids from potable water; 
47) This solar system costs less to install and maintain; and #8) Solar system maintains 
normal tank stratification. 



In summary, the present invention is a self Pressuriz e d pressurized, via fluid 
thermal expansion on heat system heat up, fluid filled and maintained full eliminating 
non-condensable air by the vacuum from fluid thermal and steam contraction, drawing 
fluid from the overflow reservoir back into the fluid loop, where heat is collected in a 
solar panel illuminated by the sun, heats a solution of water based antifreeze or other 
suitable liquid, the fluid is pumped at low flow rate to a hot water tank where it gives up 
the heat via an internal a heat exchanger. The fluid loop is pressurized and can operates 
above the normal boiling point of water 212_^ Fahrenheit. The fluid loop also has_a built 
in boiling and pressure activated over-temperature protection and over-pressure 
protection-built4fi, so if the fluid circulation pump stops r while the sun is shining that-the 
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system -solar collector will not get too hot and damage itsel f, or make the heat transfer 
fluid more corrosive to the containment materials . 

The primary objective of the present invention is to reduce the amount of material 
needed to collect and transport solar heat. This is accomplished buy increasing the 
pressure and hence the t emperature in the maintained full fluid loop, which decreases the 
area of the hot water tank to fluid loop heat exchanger surface needed . The higher fluid 
temperature difference, between the hot water tank and the solar collector allow more 
heat to be stored in each unit volume of fluid in the solar collector heat transfer loop. 
Hence a smaller volume of fluid, lower flow rate^rate is needed to deliver the heat from 
the solar collector to the hot water tank. The higher fluid temperature in the collector will 
lower the collectors efficiency, since it is loosing heat to the outside air. This loss is a 
small price to pay for a system using significantly less material. 

Another objective is to reduce the time and complexity of retrofitting solar energy 
to existing homes, since it uses flexible small diameter tubing to carry the low fluid flow 
volume. The small diameter of the fluid carrying tubes, approximately l A fee -inch outside 
diameter, also allows them to be thermally insulated and still be less than 2-two inches in 
diameter. By adding an electrical wire bundle to the insulated fluid carrying tubes and 
wrapping them with a protective covering^ an umbilical cord is created, which carries all 
fluids and electrical signals from the hot water tank to the solar collector. This plug and 
play umbilical allows for do-it-yourselfers or professionals to install the system more 
quickly. These fluid carrying tubes can be installed in existing buildings? because they 
are flexible and can be fed into and through attics, walls and placed on the outside of 
buildings, without being unsightly. 

Additional objectives, advantages and novel features of the invention will be set 
forth in part in the description which follows and in part will become apparent to those 
skilled in the art upon examination of the following. Others may be learned by practice 
of the invention. The objectives and advantages of the invention may be realized and 
attained by means of the instrumentalities and combinations particularly pointed out in 
the appended claims. 
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DESCRIPTION OF THE DRAWINGS 



J FIG. 1 is a perspective view of the pressurized loop solar collector system, 

including the fluid loop, the solar collector, the hot water tank heat exchanger, the fluid 
pump-and^ controller-and* the over-pressure relief and fluid full maintenance vacuum 
relief with overflow reservoir, and both boiling and p ressure activated over-temperature 
systems. 

FIG. 2 is a view of the boiling activated solar collector over pr e ssur e temperature 

system end -including the pressurized liquid-to-air radiator, the pressure relief valve and 
the fluid full maintenance system including the vacuum recovery valve and its associat e d 
fluid r e covery syst e m, with th e external fluid recovery svst e mr eservoir . 

FIG. 3 is a pressure activated solar collector over-temperature control system, 

which opens dampers in the collector to let heat out, when the fluid in the loop solar 
collector boils and raises and sustains t he loop pressure to a point just below the 
regulated pressure . 

FIG. 4 is a boiling activated solar collector over-temperature control system, 

which forces fhrid — steam from the main fluid loop b oiling solar collector into a 
pressurized liquid— to— air heat exchanger— /radiator7—t e, which uses fins to let h e at out 
e freject heat from the fhtid- radiator l ee pand condense the steam back to water , wh e n th e 
fluid in th e loop boils and then return this water to the main heat transfer loop. 

FIG. 5 is a plot of solar collector air valve position versus pressure in the solar 

collector fluid loop. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention (FIG. 1) consists of a pressurized heat transfer loop (1, 14 &17 , 
which operates weH-above the boiling point of water at one atmosphere of pressure , 212 
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-degrees Fahrenhei t (FIG. 1) . The wate^ -heat transfer fluid (13) is heated, in the solar 
collector tube (1) by the sun -. The solar collector (2) can be i n-the-single, or double 
glazed -. The heated fluid then exits the solar collector in tube (1) and comes to a three- 
way connection. Path one (7) goes to the pressure actuator (6), which can move the 
actuator arm (5) to actuate air dampers with motion (4). Path one may not be needed if 
the path two pressurized fluid/steam-to-air radiator is sufficient to prevent overheating. 
Path two goes through a pressurized radiator (8) with fins (9) to a pressure relief valve 
(10) which includes a vacuum recovery valve to let expelled heat exchanger fluid (13) 
back into the system from the fluid overflow/recovery reservoir (12), while excluding 
non-condensable air. Path three (14) is the fluid tubing leading to the hot water tank (22) 
heat exchanger (16). insertable, internal heat exchanger is screwed into the tank 
through a tank port (24) and allows water tank fluid (30) ingress or egress via a side port 
(26). The inside of the outer heat exchanger wall (16) is in physical contact with the 
outside of tubes (14 &17). Physical contact means that over a significant area or 
approximately 50% of the surfaces, the interfaces are compressed together mechanically 
so heat can cross the interface, but leaking liquid from either side will move along the 
interface. The tube (14) turns around in the bottom of the heat exchanger and becomes 
the tube (17) exiting the heat exchanger. The tubes (14 & 17) are much hotter than the 
water in the hot water tank (30) and are in physical contact with the wall (16) so the heat 
is transferred from the heat transfer fluid (13) through the first wall (14 or 17) then 
through the mechanical interface to the second wall (16) then into the water (30). Once 
the tube (17) leaves the heat exchanger it returns to the pump (20) inlet. The tube (17) 
then returns to the solar collector tube (1) for the heating of the fluid (13). 

To transport the pressurized fluid and the heat it contains from the solar collector 
to the hot water heater a flexible insulated umbilical is used (15). The umbilical consists 
of thermally insulated fluid connections (14 & 17) from the solar collector (1 & 2) to the 
hot water tank, rubber closed-cell thermal insulation (32), the low voltage electrical 
connections and a weather resistant covering of polymer pipe (31), the two small 
diameter tubes (14 & 17) containing the solar collector heated fluid (13). This allows the 
two-tube bundle to be flexible and insulated (32) and still be less than 2 inches in 
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diameter. The small copper tubes are connected together with standard tubing unions, 
angles and T-connectors of about Va. 5/16, or 3/8 inch tube size. 

The solar collector (4-2), an integral part of the collector^ is a set of dampers^ 
which are opened by pressure (15). These dampers are only open when the solar heat 
collected is more than the hot water tank can use. These dampers when opened allow 
outside air of less than 120_- %l e gr ee s Fahrenheit to flow over the absorber plate, where 
the sunlight is converted to heat and transferred into the heat transfer fluid. This airflow 
cools the absorber and stops the boiling. Then the dampers close and the absorber heats 
back up. The dampers open and close on a 3-two t o 5 -five minute cycle and only minor 
boiling is allowed to take place. This self-controlling feature is unique and allows the 
collector to protect it-self, even if the fluid flow in the pressurized loop ( K 14 & 17) 
stops. Alternatively to the dampers, or along with them^ one could use the boiling 
activated radiator system shown in (Fi gFIG. K 2 & 4 ,429)), which is a pressurized side 
channel to the main pressurized heat transfer loop, which is at the uppermost point in the 
main fluid loop. As gas -steam b ubbles form in the solar collector they try to escape by 
going into the side channel heat exchanger. The fluid there is below the boiling point of 
the pressurized fluid and they collapse and condense. The fluid is-in the side channel is 
cooler^ because the outer surface is exposed to the outside ai r via fins (9) . If no bubbles 
are forming in the solar collector, then there is no flow of fluid in the side channel and the 
fluid in the side channel stays cool. 

The system has two possible configurations for activating the heat transfer fluid 
pump (1220). The first is a conventional control system run feem-by household 1 15 VAC 
power. This control system has a control box (±4-52), which plugs into the wall outlet and 
has feee -two sensors. The collector has a temperature sensor using low voltage (S50) a 
whe^s -where the e l e ctrical — wife selectrical wires are part of the umbilical^ to tell the 
controller, which turns on the pump, when the solar collector temperature exceeds the hot 
water tank temperature, which is m easured by sensor (4Q56) at th e bottom of on the hot 
water tank. Th e r e is also a se n s or The sensor i n - (56) is usually placed near t he top of the 
tank (922), which tells the controller when t he tank is getting too hot, iei.e. no one home 
to use hot water, then the controller will shut off the pump. This would now cause the 
pressure damper or side channel heat exchanger to protect the collector from excessive 
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boiling, which wiM -would b lock the collector tubes with seat emineral deposites in-over 
time. 

The second pumping system is based on using a photovoltaic array (60), which 
provides 12 Volt power when the sun is shining. This power is carried down to the pump 
on the umbilical connector wire. The pump is a DC powered pump, which is capable of 
low flow at modest pressures. Th e r e is no A control box may not be necessary . When the 
sun is out the pump pumps, when it is not, the pump stops. A thermal disconnection 
switch (+864), is placed on the top of the hot water tank, so if fc -the hot water tank g ets 
too hot, it will disconnect the pump. 

Th e int e rnal tank h e at e xchanger adapt e r (13), scr e ws into th e inl e t or outl e t port 
of th e hot wat e r tank (14) th e house wat e r to b e h e at e d now e xits or e nt e rs th e tank now 
via a sid e arm of th e adapt e r. Th e pressuriz e d loop h e at e xchang e r fluid e nt e rs and exits 
the adapt e r in small diam e t e r copp e r tubing, lik e quart e r inch outsid e diam e t e r copp e r 
tubing. 

To transport th e pr e ssuriz e d fluid and th e h e at it contains from th e solar coll e ctor to th e 
hot wat e r heat e r and fl e xibl e insulat e d umbilical is u se d (7). Th e umbilical consists of 
th e th e rmally in s ulat e fluid conn e ctions and th e low voltag e e l e ctrical conn e ctions in on e 
e asy to run l e ngth. Th e two s mall diam e t e r copp e r tub e s, hot coll e ctor fluid to th e hot 
wat e r tank and cool e r fluid r e tuning from th e hot wat e r tank to th e coll e ctor, ar e h e ld 
apart by a spac e r, s uch as a polym e r coating appli e d to e ach, so th e can be plac e d next to 
e ach oth e r without touching and ti e d togeth e r along th e ir l e ngth. — This allows th e two 
tub e bundl e to b e fl e xibl e and insulat e d with a % inch thick in s ulating jack e t and still b e 
l e ss than 2 inch e s in diam e t e r. Adding a wir e cabl e to th e outsid e of th e umbilical allows 
s e nsor (8) to b e e asily conn e ct e d to th e controller. Th e small diam e t e r copper tub e s ar e 
conn e ct e d togeth e r with standard ^,5/16, or 3/8 union s and T conn e ctors (5). 

The invention also consists of a pressurized radiator, p ressure relief and vacuum 

recovery valve, and fluid overflow recovery system (Fig. 2). and-This system includes: a 
pressurized fluid radiator (8) with fins (9) to conduct heat from the fluid to the 
surrounding air; a reservoir (^12)r)^a pressure cap (10) t o regulate the pressure in the 
system;-aft d; a vacuum relief valve to allow the overflo wed fluid to return en -to the 
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system upon cool down at night via the vacuum relief valve (218) which is built into 
pressure cap (10); , which is conn e ct e d to a fluid overflow and recovery reservoir (412) to 
the pressure relief (10) and vacuum recovery (18) valves via tube (72) while excluding 
non-condensable air, since tube (72) enters the fluid (13) below the surface level . The 
pressure of the fluid in the solar collector heat transfer loop is regulated by the pressure 
cap, which uses a sprin g (15) to push against the fluid pressure over a fixed area. During 
normal daily operation when the sun is out, the heat transfer fluid (13) expands as it heats 
from 75 ^ degrees Fahrenheit to over 230- ~degrees Fahrenheit and-wWhen the pressure 
reaches the set pressure, i.e. 16 PSIG, fluid and any trapped air is pushed out past 
pressure relief valve (10) and overflows to the fluid overflow reservoir (34 -12 ) via tube 
(72). In the overflow reservoir (12) t the fluid is retained and the air bubbles move from 
the bottom of tube (72) which is below the liquid surface to the liquid surface, burst and 
are which i s vented to the atmosphere by a cap (3Q70)._ At night, when the fluid and 
condensable steam in the solar heat transfer system cools and contracts, fluid only is 
drawn back through vacuum relief valve (18), by the vacuum in the fluid loop caused by 
fluid contraction. The vacuum relief pressure is set by spring (16) to about minus two 
PSIG, into the heat transfer system to keep i£itfull of fluid and keep non-condensable air 
out. Air in the system increases the corrosion of the fluid loop. This simple system 
allows the approximately 50% water-/-50% antifreeze mixture in the solar heat transfer 
loop to heat up to over 212 -degr ee s Fahrenheit, without boiling until it reaches almost 
265 ^ d e gr ee s Fahrenheit, at 16 PSIG confinement pressure. This higher temperature 
allows for heat to be transferred more efficiently into the hot water tank, using lower flow 
rates and an -a small surface area internal (or external) hot water tank heat exchanger. 

The invention also consists of a pressure activated solar collector over- 
temperature protection system (Fig 3). An integral part of the collector is a set of 
dampers (86 & 88) on both the top and bottom of the solar collectors, which are opened 
by pressur e actuator (±56). These dampers are only open when the solar heat collected is 
more than the hot water tank can use and the solar collector begins to boil . These 
dampers* when opened* allow outside air of less than 120 -d e gr ee s Fahrenheit to flow 
over the absorber plate (FIG. 1 (3)) , where the sunlight is converted to heat and 
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transferred into the heat transfer fluid. This airflow cools the absorber and stops the 
boiling. Then the dampers close and the absorber heats back up. The dampers open and 
close on a 3-two to 5 -five minute cycle and only minor boiling is allowed to take place. 
This self-controlling feature is unique and allows the collector to protect it-self, even if 
the fluid flow in the pressurized loop ( {FIG. 1. tubes 1, 14 & 17) stopss. | 

The pressure activated control system is needed if fluid circulation stops for any 

reason while the sun is shining, i.e. controller turns off pump, or pump failure, or power 
failure, or fluid loop blockage. The pressure activated T fes-system consists of a solar 
system fluid pressure-activated actuator (16), such as a piston (3384), or other pressure- 
activated actuator, which is in a retracted state at atmosph e ric normal system operating 
pressure and in_an extended state at the pressure cap relief setting, such as 16 PSIG. A 
spring (3082) or a_pressurized cavity can be used to return the actuator to the retracted 
state, when the solar system pressure falls to atmosph e ric normal operating pressure . The 
solar system fluid (3413) is sealed into the system via a bellows (3^80) or another 
acceptable seal, such as an O-ring. The actuator is connected to the fluid loop (4-7). 

JThis actuator output (345) is connected via linkage (4) t o a hinged or a_sliding valve 
(3 586, ^ 3688), like a furnace damper, which allows air to flow over the solar collector 
absorber plate (Fig. 1. (IV) and cool it off with outside air. Over-temperature protection is 
achieved by successive airflow e v e nts movements over the solar collector absorber plate. 
When the solar collector gets too hot the heat transfer fluid (34-13) boils in the solar 
collector. This causes the pressure actuator to extend and open te -the collector air 
damper valves into position (91), opening up holes (90) for air movement over the solar 
collector absorber plate (Fig. 1. (1)), which takes the heat out of the solar collector and 
the heat transfer fluid temperature drops below the boiling point and stops boiling. The 
When the system pressure returns to atmosph e ric normal a nd-the actuator retracts and 
closes the solar collector air damper valves into position (92) . This air valve open/close 
cycle repeats itself until the sun goes down, or until t he fluid flow is reestablished. Thus 
the collector prevents damage to the system^ by keeping the collector near the pressurized 
boiling point of the water/antifreeze mixture- under non-circulation conditions. Non- 
circulation can occur normally if the hot water tank is hot enough and the controller shuts 
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off the pump r - and abnormally if t he pump fails to circulate the h e at transf e r fluid , power 
fails or the fluid flow path is blocked. The inset in Figure 3 shows that the actuator and ~ 
air valv e position as a function of syst e m pr e ssure. The air valv e s ar e shut and th e 
actuator r e tract e d until a pr e s s ur e of approximately 80% of the syst e m pr e ssur e , 
maintain e d by th e pr e ssur e cap is r e ach e d. Their air valv e s are op e n and the actuator 
ext e nd e d by th e tim e th e sy s t e m r e ach e s 95% of th e syst e m pr e ssur e maintain e d by "th e 
radiator cap". This arrang e m e nt allows the system to cool its e lf b e for e vigorous boiling 
occurs. The pressur e vs. actuator position profil e is determin e d by th e piston ar e a (22) 
and spring (20) constant. 

The invention also consists of a boiling activated solar collector over-temperature 

protection system (Fig -FIG. 4). The system consists of a pressurized t iqttkl -liquid-t e-to-air 
-radiator heat exchanger^ and a boiling gas , steam/liqui d s e parato r , separator . During 
normal operation, they entire system is full of heat transfer fluid (24-13) and no boiling 
occurs. The liquid liquid-te -to-air heat exchanger (298) with fins (9) is a side arm and 
normally usually has no fluid flow in it. Normally the fluid flows into the boiling gas 
separator (94) from the solar collector tube (1) and out of k -the boiling gas separator 
dow n tube (14) to the hot water tank (22) . Under abnormal non-flow conditions, such as 
circulating pump failure or the solar input being greater than the hot water tank can use, 
the solar collector (2) will begin to boil. In this events the boiling gas separator (2894) 
allows the gas (steam) bubbles to go up by buoyancy into the liqwd -liquid-t e-to-air heat 
exchanger (298), which stirs the liquid in the heat exchanger, while condensing the 
boiling gas back to a liquid, and heats & -the heat exchange fins (9a bev e) above the 
outside air temperature and dissipates this heat from the pressurized liquid (13) in heat 
exchanger (8) t o the outside air. The filler tube (2792) allows condensed pressurized 
liquid to come from the liquid r to-air exchanger and be inserted below where the gas 
(steam) bubbles are being released tube (1) into the boiling gas separator (2894) keeping 
the collector fluid loop (14 & 17) full of liquid , while liquid and gas, steam, exist in the 
collector (1) t 

The water based heat pipe system allows a small amount of boiling in the solar collector 
to take ptee ^place; the generated steam travels up by buoyancy to the pressurized heat 
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exchanger, which rejects heat to the atmosphere via the pressurized liquid (8) to the there 
air radiator (9) heat exchanger. As long as solar collector boiling takes place a the 
pressurized liquid in the side arm heat exchanger (8) will be heated by condensing of the 
boiling gas steam . Non-condensable air in the boiling solar collector will impede the flow 
of steam to the pressurized heat exchanger, so air must be kept out of the system. Only a 
small amount a-of fluid will be forced into a fluid overflow tube (72) steam cond e ns e r into 
atmospheric -{reservoir (4 12) . The advantage of this system over, the pressure activated 
solar collector air ventsis, is that it -boiling activated heat pipe system has no-fewer 
moving parts and can easily dissipate all of the heat that the solar collector can gather 
from the su n, without pump power circulation of the heat exchange fluid. . 

The inse ^graph in Figure -FIG. 3 -5 shows that-the actuator and air valve position 
as a function of system pressure. The air valves - (Fig. 3 (90)) are in the shu t position 
(Fig. 3 (92)) and the actuator retracted until a pressure of approximately 80% (102) of the 
system pressure, maintained by the pressure ea prelief valve (Fig. 4. (10)) is reached. 
Their -At pressures above (102) the air valves are -begin to open and th e actuator e xt e nd e d 
are fully open by the time the system reaches 95% (104) of the system pressure 
maintained by_— the radiator pressure e ap ^relief valve . This arrangement allows the 
system to cool itself before vigorous boiling occurs. The pressure vsrersus actuator 
position profile is determined by the piston area Q SFig.3. (84)) and sprin g constant 
O OFig. 3. (82) Veenstant. 
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